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Metabolic reprogramming of bone marrow stromal cells by leukemic extracellular vesicles in acute lymphoblastic leukemia
, with the potential of modulating a tumoursupportive environment [6] [7] [8] . We have previously reported the presence of lipidenriched, membrane bound sub-cellular vesicles at the periphery of acute lymphoblastic leukemia (ALL) cell lines 9, 10 . We now extend these findings to Figure 1D ) and femoral flushes (day 14) showed engrafted PKH26 + ALL cells and murine stromal cells with internalized PKH26 + LEVs ( Figure 1E ).
The effect of LEV internalisation by BMSC's was investigated in the human mesenchymal stem cell (MSC) line HS5 13 exposed to LEVs released by the BCP-ALL cell lines SD1 and NALM6. Proliferation and viability assays revealed no significant differences from control ( Figure 2A ). Despite a sustained increase in AKT phosphorylation over 24 hours ( Figure 2B ), non-significant reductions in ATP concentrations were observed ( Figure 2C ). Next, the two major energy producing pathways of the cell and parameters of metabolism were assessed. At 24 hours, HS5+LEVs showed a reduced oxygen consumption rate (OCR) compared to control;
were less sensitive to the inhibition of ATP by oligomycin and did not change OCR when electron transport from ATP generation in the mitochondria was uncoupled ( Figure 2D ). Disrupting the electron transport chain (Rotenone/Antimycin A) reduced OCR to a comparable level in all cells, suggesting that the rate of oxygen consumption due to non-mitochondrial sources was comparable. HS5+LEV have a significantly reduced spare respiratory capacity, an indicator of a decreased ability to respond to stress or metabolic challenge ( Figure 2D ). Overall these results suggest that uptake of LEVs significantly reduced mitochondrial respiration in recipient stromal cells.
In the absence of glucose, HS5 and HS5+LEVs had comparable extracellular acidification rates (ECAR) ( Figure 2E ). In the presence of glucose, HS5+LEVs initiated a sharp increase in ECAR compared to control (~5 fold), suggesting a higher glycolytic rate. Inhibiting ATP synthase increased ECAR in both HS5+LEVs and controls, but more sharply in the latter. Following the addition of 2-Deoxy-D-glucose, a competitive inhibitor of glycolysis, ECAR returned to base levels in both control and LEV exposed cells. Thus in the presence of glucose, LEV exposed HS5 showed an increase in ECAR which is suggestive of glycolysis. This was corroborated by the demonstration of significantly increased extracellular lactate production, the end product of aerobic glycolysis, by HS5+LEV ( Figure 2F ). To investigate this further, 
(C) Confirmation of LEV internalisation by human bone marrow cells in vitro.
Isolated SD1 LEV's were labelled using a lipophilic tracer (Dio C 18 ; Green). Labelled LEV's were added to cultures of bone marrow cells in glass plates for 24 hours.
Cells were fixed using paraformaldehyde and counterstained using Cell Mask (red).
Serial images were captured at 0.1µm intervals in Z using a Spinning disk confocal system based around an Olympus IX71 microscope. Illumination achieved by white light LED and a 300W Xenon light source for fluorescence and Sedat filters. 
